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Abstract 
 Current efficiency models have not been used to measure the efficiency of projects conducted 
within an organization.   This paper presents an evaluation of project efficiencies of 39 companies 
using data Envelopment Analysis. In-Fusion Solutions Sdn. Bhd. was chosen as the case study and data 
were collected from primary and secondary sources.  Primary data were obtained through interviews 
conducted with personnel from the main office and the company branch in Chennai, India. Secondary 
data were obtained from published and unpublished documents.  Secondary data consisted of 
information technology completed projects which consist of three inputs and an output.  These include 
labor cost, material cost, project duration, and project contract value.  Experimental result was able to 
identify efficient and inefficient projects. Results obtained showed that there were three efficient 
projects and the remaining projects were otherwise. Peer group analysis was also conducted to 
compare projects that are inefficient with efficient projects which belonged to a reference set.  
 





Performance measurement is important for organizations in order to make good decisions. 
Performance measurement systems enable decision-makers to diagnose weak performance, identify 
and address root causes, and track improvement.  Efficiency measurement is one of the main 
components in measuring organizational performance. The theory of efficiency is related to the 
association between resources used and results achieved.  Parametric and non-parametric are two 
approaches that can be used to measure performances. Parametric approaches specify functional form 
and take into account residual term in the analysis.  Non-parametric approaches put less structure on 
the specification of the best practice frontier and assume no random error [1]. The main difference 
between both of the approaches is the distribution of data. Parametric approaches concern with 
normality of the data distribution while non-parametric approaches do not.  
Parametric approaches have been used in determining the efficiency of Malaysian commercial 
banks, Washington State hospitals, Taiwan’s international tourist hotel and identifying efficiency in 
productivity change of Bangladesh crop agriculture etc. [2-7]. Non-parametric approaches have been 
used for measuring efficiency of Malaysian commercial banks, state road transport undertakings and 
top listed Egyptian companies [8-10] and used to improve design of commercial websites [11]. There 
are many advantages of non-parametric method as compared to the parametric ones. For instance non-
parametric approaches are simple and less affected by outliers. These approaches do not require 
information about the distribution and the variance of the data. Besides that, non-parametric methods 
do not consider the relationship between the sets of the data. Generally, these methods do not require 
assumption about the data, and can be used in a broader range of data.  
    There are many efficiency models available and can be refereed or adapted in the performance 
measuring process [12, 13]. Finding the most suitable model that is easy to use and effective is crucial. 
Approach suggested by [12] and [13] needed prior steps to evaluate the input and output before the 
performance can be measured. Further, several questions need to be answered once the model has been 
found, such as whether the model can offer suggestions to the management on how to improve their 
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inefficiencies, if such exist.  It is also necessary to ask what the variables are that have to be considered 
and whether it is possible to include the identified variables simultaneously since the production system 
is actually an integration of all of these variables.     
 Organizations also emphasize the utilization of input such as labor, raw materials and capital 
efficiency to produce output such as revenue and profit [14]. The efficient utilization of input will 
eliminate waste, increase output and increase organization’s profit [15]. Therefore, the need for 
efficiency measurement is vital for an organization to improve and succeed in the face of competition.  
Output is produced through the utilization of input by DMU. 
 Models for measuring the efficiency of decision making unit (DMU) within an organization have 
been proposed by [12-16]. However, to the best of our knowledge those models were not able to be 
used to measure business efficiency for product within an organization or company.  This study focuses 
on developing business efficiency measurement model based on product within an organization using 
the non-parametric approach. Specifically, the study aims to identify suitable input and output variables, 
identify projects that are efficient and inefficient, and propose efficient operating costs for inefficient 
projects. For this study, the term DMU is interchangeable used with product and products are projects 
undertaken by the company, In-Fusion Solutions Sdn. Bhd. (ISSB).  In-Fusion Solutions Sdn. Bhd. has 
been chosen as a case because it has implemented many projects since its establishment. Furthermore, 
this study can assist ISSB to monitor the performance of its DMUs and make competitive future plans. 
 
2. Case background 
 
   A case study was conducted on In-Fusion Solutions Sdn. Bhd., a consultancy firm whose main 
business is providing solutions for learning and developing new media.  ISSB was established in 2002 
and its vision is to be the premier information and communication technology company, providing 
virtual education solutions in a full converging environment. ISSB offers advanced and innovative e-
learning solutions to the global community.  Currently, the company has a total number of 180 
employees.  
   As an education solution and services provider, ISSB’s core products include courseware, and 
enterprise resource planning system for the educational environment, educational games, a learning 
content management system, a student information management system, an integrated campus 
management system, an Islamic banking and finance program, a knowledge information exchange 
system and portal experience. With a dedicated team of professionals comprising educationalists, 
instructional designers, writers, editors, translators, creative designers and multimedia specialists, ISSB 
plans to place itself at the forefront of today's society as a leading educational content company. 
 Primary data were obtained through interviews conducted with several personnel from the main 
office and the company branch in Chennai, India. Secondary data were obtained from published and 
unpublished documents.  Secondary data consisted of thirty-nine completed projects that were 
completed.  Secondary data were used to study the efficiency of ISSB projects.   The data used 
consisted of three inputs and an output.  These include labor cost, material cost, project duration, and 
project contract value. The three inputs are independent variables while the output is the dependent 
variable. 
   In this study, DMUs are projects undertaken by the company. The number of DMUs should be more 
than or equal to three times the sum of inputs and outputs [17]. From 45 projects, 39 projects were 
chosen as DMUs and the remaining were not chosen due to data unavailability. The projects are 
divided into two types: hardware (H) and courseware (C). Three inputs and one output were identified 
as appropriate for the construction of the project performance model.  The inputs were labor costs, 
material costs and project duration.  The output chosen was project contract value.  
   Labor costs is the total cost (measured in Ringgit Malaysia) of employees involved in the projects. It 
consists of the sum of salaries of employees involved in completing the projects. The cost of 
employees involved in the projects is considered as a significant component in measuring the 
efficiency of projects because employees and projects are dependable to each other.  Employees are 
one of the major components in a project as can only be completed with the cooperation between the 
employees.  
   Material cost is another input that is considered significant in developing a project. Material in this 
context is the total cost of equipments such as the software and hardware used in the projects. The 
equipment cost includes the cost of equipment rental and the purchase of new equipment. This is also 
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measured in Ringgit Malaysia. The materials used in one project are assumed different from other 
projects.  
   Projects duration is the amount of time taken to complete a project and is measured in months.  
Projects must be completed in a specified time frame and failure to complete projects in time will cause 
an organization to suffer a loss in profit.   Since project completion have direct influence to an 
organization profit’s, it is thus, seen as an important factor and is chosen as an input in the performance 
model.  
   The contract value is chosen as the output because it reflects the revenue obtained by the company. 
There is no other variables/data that can best describe the value of the project. Table 1 below shows a 
sample of projects with their respective inputs and output while Table 2 shows the descriptive analysis 
of the projects. 
 
Table 1. Statistics on projects 











H1 90,000.00 2,385,547.20 6 2,650,608.00 
H2 480,000.00 673,058.00 24 1,346,116.00 
H3 6,000.00 895,233.60 1 1,053,216.00 
… … … … … 
H9 15,000.00 80,000.00 0.25 149,250.00 
H10 15,000.00 63,129.50 0.25 74,270.00 
H11 6,000.00 59,376.75 0.25   69,855.00 
H12 20,000.00 55,827.20 2 69,784.00 
… … … … … 
C6 36,000.00 0.00 12 513,218.00 
C7 7,000.00 0.00 2 237,125.00 
C8 15,000.00 0.00 2 101,214.00 
C9 12,000.00 0.00 3 100,000.00 
C10 48,000.00 0.00 12 99,900.00 
C11 60,000.00 0.00 6 90,000.00 
C12 60,000.00 0.00 6 75,000.00 
C13 15,000.00 0.00 3 70,000.00 
… … … … … 
C23 9,000.00 0.00 0.5 10,000.00 
C24 6,000.00 0.00 3 7,500.00 
C25 9,000.00 0.00 2 9,800.00 
 
Table 2. Descriptive analysis on projects’ inputs and output 












Maximum 1,190,000.00 2,385,547.20 24 2,650,608.00 
Minimum 3,000.00 0.00 0.25 7,500.00 
Mean 111,735.84 145,035.75 4.66 328,306.00 
Std. Deviation 243,069.04 427,092.22 5.989 538,036.73 
 
3. Project efficiency model 
 
   DEA, a multi-variable model for measuring the relative efficiency of a homogeneous set of DMUs 
has been adopted to construct the project efficiency model. The efficiency score for each DMU is equal 
to a ratio of weighted sum of multiple outputs to weighted sum of inputs, and  is to be optimized as 
many times as the total number of DMUs. The efficiency scores are computed in the presence of 
multiple outputs and inputs simultaneously and the weights for inputs and outputs are not unique. A 
simple and easy way to measure efficiency of a unit or DMU which have one input and one output is to 
determine the ratio of output to the input. The general efficiency measure is given by: 
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   The efficiency increases as the output value gets larger and the input gets smaller. However, in reality 
organization operates with the used of multiple inputs to produce multiple outputs. This becomes the 
drawback of efficiency measure which cannot utilize the situation where there is more than one input 
or more than one output. To overcome the problem, a study conducted by [16] shows that DEA which 
is a linear programming efficiency model, can be used to measure efficiency that involves multiple 
inputs and single output. The model proposed by [18] is based on model developed by [19]. In their 
study, efficiency of each project has to be optimized one by one.  The formulation for jth project takes 
the form  











                                                                              
(1)
 
subject to  










 ∀,  = 1,… ,39                                                       
(2) 
                                                                              0,1 ³ivw ,                                                                             
(3) 
where    w1 = weight for output of type 1 of jth project, 
  yj = amount of output of type 1 of  jth project, 
vi= weight of input of type i of jth project, 
xij = amount of input of type i of jth project, 
w1 and vi ≥ 0,  for j = 1…,39 and i =1,…,3. 
 
   Objective function (1) and constraints (2) and (3) composed of fractions and need to be transformed 
into linear form so that the model can be solved using simple linear programming such as simplex. 
   There are two types of model in a linear programming technique that can be used; namely, the output 
orientation and input orientation models. 
 In the output orientation model, objective function is given by: 








=                                            
(5)
 







i xv ,                                                                       
(6)  
0,1 ³ivw                                                                        
(7) 
 
Model 4 is a linear equation. It constrains the weighted sum of inputs to unity and maximizes the 
weighted sum of outputs at the jth unit choosing appropriate values of w1 and vi.  
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 In the input orientation model, the objective function is 
















                                                         
(9)
 
 111 =jyw ,                                                                      
(10) 
 0,1 ³ivw                                                                      
(11) 
 
Model (8) is a linear equation. It constrains the weighted sum of outputs to unity and minimizes the 
weighted sum of inputs at the jth unit, choosing appropriate values of iv and w.  
 The input-orientated model emphasizes how to use minimum input resources to achieve a given level 
of output. At the same time, an output-oriented model focuses on using a given set of inputs to achieve 
the maximum possible output. The relative efficiency of the projects selected can be measured through 
either of these two models.  
This paper further enhanced the analysis on relative efficiency scores and peer group anlaysis of the 
projects undertaken by ISSB, reported in [18].  
 
4. Experimental results 
 
The performance model was used to evaluate projects efficiency, peer group analysis and projection 
for inefficient projects. The results are described in the following sections. 
 
4.1 Projects’ Efficiency  
    
  Figure 1 depicts efficient projects (score = 1) and inefficient projects (score < 1) ranked by 
efficiency scores. From the graph, three projects, H3, H9 and C7 are considered as efficient.  Others 
(36 projects) are inefficient with scores ranging from 0.037 to 0.984. Project C24 is the most inefficient 
project with the lowest efficiency score which is 0.0367. Figure 2 shows projects ranked by relative 
efficiency scores.  
 
 
Figure 1. Projects and efficiency scores 
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Figure 2. Projects ranked by relative efficiency scores 
 
    Project inefficiency occurs because there is no balance between the three inputs used with the 
output produced. Project C24 is the project with the lowest contract value but the cost of labor used is 
high and the project cost is relatively high (Table 1). The contract value for project C24 (RM 7,500.00) 
is the lowest contract value among all the projects but the cost of labor is high which is RM 6000.00. 
The same situation took place for other inefficient projects but with relatively different degree of 
seriousness. On the contrary, the inputs used by the efficient projects are relatively balance with the 
output, the projects contract value. For example, in project H3, the contract value for the project is RM 
1,053,216.00. This means that project H3 used minimum cost of labor and material and completed the 
project in a period of only 1 month. This shows that input resources used in the projects are balanced 
and controllable. The same situation can be observed for project C7 (efficiency score = 1), for which 
the contract value is RM 237,125.00, much higher than that of project C24, but for which the cost of 
labor is quite low, at RM 7,000.00. 
    Meanwhile, from the input labor perspective, the cost of labor for project H12 (RM 20,000.00) is 
higher than the cost of labor for project H9 (RM 15,000.00) but the contract value for project H12 is 
smaller compared to the contract value for project H9 (RM 149,250.00) which is RM 69,784.00. This 
condition allows project H9 (efficiency score=1) to be more efficient relatively compared to project 
H12 (efficiency score= 0.21767) which ranked 25th in the efficiency score ranking. 
    From the input of material view, the cost of material for project H4 (RM 950,000.00) is higher than 
the cost of material used for project H3 (RM 895,234.00) but the contract value for project H4 is 
smaller compared to the contract value for project H3 (RM 1,053,216.00) which is 1,000,000.00. This 
makes H3 to be efficient and ranked first as compared to H4, which is inefficient and ranked lower 
than H3, even though, the cost of labor and project durations for the two projects are the same. 
    Meanwhile, from input project duration perspective, for project C12, it took 6 months which is a 
longer time to complete compared to project C7 which needed only 2 months to finish. The cost of 
labor of RM 60,000.00 with project duration of 6 months yielded project C12 contract value of RM 
75,000.00 as compared to the project C7 which yielded much higher contract value of RM 237,125.00 
but with less cost of labor (RM 7,000.00) and less project duration (2 months). This situation allows 
project C7 to be at a better position than project C12. 
   In summary, we can say that projects H3, H9, and C7 with relative efficiency scores of 1 are 
classified as efficient.  These projects could balance the input used with output produced and were able 
to produce maximum output from a given set of inputs or to use a combination of minimum inputs to 
achieve desired output.  They are also able to use material and project duration (inputs) efficiently in 
the production of output. 
    Other 36 projects with relative efficiency scores less than 1 are classified as inefficient. The reasons 
are these projects had unbalance inputs and output and used excess resources in order to produce the 
output.  They were not using labor, material and project duration (inputs) efficiently in the production 
of output.  The duration of project to complete was always longer but the contract values were not high.  
 The efficiency distribution by project type is also examined as depicted in Table 3. The average 
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Hardware 14 0.676 0.27 
Courseware 25 0.285 0.27 
 
 The relationship between contract vale and the efficiency is also investigated. The result of the 
average efficiencies is as shown in Table 4 where it can be seen that high efficiency is obtained for 
contact value which is more than RM 1 million. The result is again portrayed in Fig. 3. 
 







< 0.5 M 0.355 30 
0.5 - < 1.0 M 0.350 3 
1.0 M - < 1.5 M 0.797 5 
1.5 M - < 2.0 M 0 0 
> 2.0 M 0.788 1 
 
 
Figure 3. Effect of contract value on relative efficiency scores 
 
4.2 Peer Group Analysis  
 
    Peer group analysis was conducted to compare projects that are inefficient with efficient projects 
which belonged to a reference set, so that the performance of the inefficient units can be improved [20-
22].  Table 5 shows the reference set defined by projects C7, H3 and H9 closest to its respective 
evaluated inefficient projects which have similar mixes of inputs and output. 
 
Table 5. Reference set for inefficient projects 
Reference Set 
(Efficient project) 
Inefficient Projects Total  
C7 C1,C2, C3, C4, C5, C6, C8, C9, C10, C11, C12, C13, C14, C15, C16, C17, 
C18, C19, C20,C21, C22, C23, C24, C25, H1, H2, H4,  H5, H6, H7, H8, H10, 
H11, H13, H14  
 
35 





C5, H1, H2, H6, H7, H8, H10, H11, H12, H13, H14 11 
 
 
    The reference sets for inefficient projects are chosen because they have the same pattern factor value 
and not because they have the same characteristics [23]. This reference set made up an efficient frontier 
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efficient frontier is also called the production function which represents the relationship between output 
and inputs. The three projects were able to obtain maximum amount of output with the available 
combination of inputs, and at the same time used minimum amount of inputs to reach their respective 
level of outputs.   All inefficient projects are located under this frontier. Since DEA is a nonparametric 
method, it does not require any assumption about the characteristic of the frontier as compared to 
regression analysis which requires the normality assumption. The peer group analysis allows the 
decision maker to decide which project is really efficient and which one is apparently efficient since all 
three efficient projects have the same score of one. It is done by evaluating each efficient project on 
how frequent each of them is referred to by the inefficient projects. Based on Table 5, it can be said 
that project C7 is the best because it is the most frequently referred project 35 times. The second and 
third best projects are H9 and H3 which are referred 11 times and 8 times respectively. 
 
5.  Conclusion 
 
    DEA is utilized in measuring the efficiency of the selected projects due to its capability of 
considering multiple inputs and outputs simultaneously. It is a non-parametric method and the main 
advantage of this technique is that it considers multi-variables, known as inputs and output, 
simultaneously, and it does not require any parametric assumption of traditional multivariate methods. 
However, in order to have a different view about the efficiency of business units, another non-
parametric method such as artificial neural network could be utilized. The usage of two different 
methods allows the researchers to make comparison and give different suggestions to the management 
to improve the business units’ performance.   
    The business efficiency model can be generalized by testing to other IT company with the same 
business nature regardless of the number of input and output.  The model is simple yet practical in 
implementation. The projects which act as the decision making unit can later be used to determine the 
efficiency of the company department/unit that housed the projects. It is also suggested that the model 
can be improved by including one or two more relevant inputs or by identifying other outputs. 
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